I. INTRODUCTION
A wireless communication system like the Global System for Mobile communication (GSM) has become part of us in nearly all our daily activities. The services rendered are but not limited to data transmission, internet usage, e-banking, tele-medicine, security networking, tele-education [1] . There is the need to make appropriate design, deployment and management strategies for optimum performances of the wireless network. The introduction of cellular communication systems in Nigeria using GSM and Code Division Multiple Access (CDMA) technologies brought a brighter light to mobile communication scenario in this part of tropical regions. Mobile communication was first introduced to Nigeria in 1999, it heralded in a great switch from fixed telephony to mobile telephony; today it has a joint subscriber base of over 100 million and still counting.
Reports indicated that, Africa's telecommunication market is one of the fastest growing around the globe [2] . With Nigeria's at the forefront; recent deregulation of the mobile phone market has led to the introduction of GSM operating on the 900/1800 MHz spectrum, the use of cell phones has soared to about 107 million subscribers. Nigeria hopes to be among the world's top 20 economies by the year 2020, for Nigeria to attain this height, the strengthening of the non-oil growth is essential, with the ever increasing mobile subscriber base of mobile communication and Nigeria's high rate of internet usage pegged at 43.9 million [2] . It is therefore of high importance to make accurate path loss predictions for optimum performance of wireless network services that can meet user's expectations.
In the present study, wireless radio measurements at 1.8 GHz utilizing the Mobile Telephone Network (MTN-Nigeria) cellular service (one of the cellular network operator in this region) in various dense urban areas of Akure and comparison of the observed values of the path loss deduced from the Received signal strength (RSS) with various models have been investigated. Path loss break points, the exponent and standard deviation based on the environmental categorization have also been deduced.
II. Experimental Site and Research Methodology
This research work was carried out in Akure (latitude 7°15′0″N and longitude 5°11′42″), an ancient city in the south-western region of Nigeria, it is the largest city and capital of Ondo State, with a population of approximately 387,087. Ten (10) cellular base station transmitters belonging to the MTN Nigeria GSM service were monitored based on the RSS over the study locations. Each of the location represents a different type of propagation environment relevant to macrocellular radio networks; three sites are in rural areas of different terrain and land cover types, one is located in a suburban area, and one in a medium-density urban area. These
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www.iosrjournals.org 127 | Page locations were selected to demonstrate progression from suburban to urban area. Fig. 1 presents the topographical view of Akure and the location of the base stations. The carrier signals operating at L -band frequencies (1800 MHz) were monitored with Blackberry (Curve 2) GSM receiver, along with Global Positioning System (GPS) receiver to know the location's distance, coordinates as well as the elevation of the mobile receiver away from the base stations. The experimental data were taken at distances ranging from a 0.1 km interval to 1.1km along the radial routes away from each of the base stations. The transmitting powers of all the stations are +46.02 dBm while the sensitivity of the receiver is -105 dBm. Detailed base station features and the characteristics of the each of the sites are shown in Table 1 Fig 1 
2.1
Brief overview of wireless propagation model The radio propagation model is made to provide empirical formulation for radio wave propagation scenarios relevant to the macro-cellular radio networks as a function of frequency, distance and some other atmospheric conditions. There are lots of prediction methods that are available for path loss estimation, but most are not valid over the range of frequencies, distances as well as other atmospheric conditions that are necessary to be considered for the analysis herein. Also, most of these models are empirically derived and cannot reflect the details of a specific environment, except in a statistical sense based on general environmental categories. Models are usually developed to predict the behavior of propagation for all similar links under similar constraints [3] . Among the existing empirical models are the Okumura-Hata model, Ericsson model, COST 231-Hata model, and Friis model [4] . The Hata model for urban areas, also known as the Okumura-Hata model for being a modified version of the Okumura model, is the most widely used radio frequency propagation models for predicting the behavior of cellular transmissions in built up areas. The model incorporates the graphical information from Okumura model and develops it further to realize the effect of diffraction, reflection and scattering in suburban areas and open areas, Hata model predicts the total path loss along a link of terrestrial microwave or other type of cellular communications [4, 5] . To correlate predicted coverage capabilities with physical propagation processes, a physically-based propagation models are used for all comparisons in this study.
In the work by Famoroji and Olasoji, [6] , measurement results of signal strength in UHF band were taken in the three routes of Akure and compared with the predicted results using the empirical models. However, the modified Okumura-Hata model obtained was developed based on the UHF band specifically monitored on Television broadcasting in the region.
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Path Loss Calculations:
The path losses for a station on any route can be deduced from the received signal strength (RSS), using the relationship:
(1) where PL -Path loss [dB] , is the transmitting antenna power,G t Transmitting antenna gain, G r -Mobile receiver gain (2dB) RSS-received signal strength.
The free space path loss is losses in strength of the signal in free air (where there no object obstructing the propagation from transmitter to receiver). Free Space Path Loss is a function of frequency and distance and can be represented by:
where, f = frequency of operation [MHz] , d = transmitter and receiver separation [m] For a physically propagation models, the path loss L, could be expressed as:
where; L 0 -Path loss at 100 m, -Path loss exponent, d-Distance (m), dₒ-Reference distance (100m) and sShadow fading.
III. Results and Discussion
Each of the observed values of path loss for all the base stations considered have been deduced for distances ranging from 100 m interval to 1.1 km. Path loss exponents from the data have been deduced from the (3) using the observed path losses for various distances and L 0 depicting the path loss at 100 m distance as reported by. Based on the approach used in the work of Erceg et al., [7] and the application of Friis model for two isotropic antennae in free space, L 0 = 20 log (4d 0 /λ), where λ is the wavelength corresponding to 1.8 GHz and d 0 is the line of sight distance taken as one hundred meter. s is the shadow fading variation and varies from one location to another within given macrocell. It has been reported that the parameter S takes Gaussian approximation in a given macrocell and denoting a lognormal shape. Using the expression we have deduced the path loss exponent  , for each of the base station because the so called path loss exponent is the known to be critical in establishing the coverage of any cellular system. It is assumed to be equal to 2 in free space and when there is obstruction, it is always with larger values [3] .
Each of the base stations follows the same trend of the Gaussian shape with log normal patterns, for example Fig, 2 is a typical average exponent values variation for a base station in Ijapo Estate (urban environment), with the code OD3460 and antenna height of 36 m over the two routes (1 and 2), we observed an exponents of the order of 9 at the distances closer to the transmitter and this order steeply falls to a value of about 6 around 450 m and then maintain steady steps for the remaining distance. Higher path loss exponent may be as a result of the high density of obstructions (built-up areas) in the signal path and the mountainous terrain of the region. Prasad and Ratnamala, [8] had earlier observed same trend in Delhi, India with an exponent peak value of the order of 7 and steady step at 400 m. 3 also presents an average exponent value variation for a base station in a typical suburban environment -FUTA Gate (OD2025) antenna height of 35 m over the two routes (1 and 2) considered in this work. We observed the same trend, but with variation in the exponents. In this case, it is of the order of 8 at the distances closer to the transmitter and this order steeply falls to a value of about 6 around 420 am and then maintain steady steps for the remaining distance. The reduction in the order of the path loss exponent may be due to the fact that path loss is high in the dense urban areas when compared with the rural and suburban areas. The same trend could be observed in other situations, although with different variations in the path loss exponent. The results are presented in Table 2 . The comparison was also made for the losses with those predicted models from Erceg model, Ericsson model and COST 231-Hata model. At some distances close to the transmitter, we observed high path losses up to about 120 dB in an urban environment (OD2025) with an estimated measurement error of about 1.4 dB as presented in Fig. 2 . Considering the effective isotropic radiated power of the transmitter of +46.02 dBm with the sensitivity of the receiver of -105 dBm, the mean measured value of the path loss is about 139 dB. The mean path losses range between 165 and 115 dB from Erceg to Ericsson model. Both Ericsson and Cost 231-Hata models overestimated the measured values by about 40 and 3 dB respectively. While Erceg model underestimates by about 2 dB. Both the Cost 231-Hata and Ericsson models increases with a constant increase in predicted path loss with respect to increasing path length based on constant path loss adjustments (depending on the category of the environment). A regression line with coefficients estimated by the log-normal model is also plotted along with the comparison. Similarly, a typical variation of observed path losses in a sub-urban environment with Ericsson, Erceg and COST 231-Hata models for OD3460 is presented in Fig. 3 . For a station with signal strength of about48dBm with a receiver sensitivity of -105 dBm, the mean measured value of the path loss is about 125 dB. At distances close to the transmitter, high path losses up to about 115 dB in a sub-urban environment (OD3460) with an estimated measurement error of about 1.25 dB could be observed. The highest path losses of about 145, 135 and 140 dB could be observed for Ericsson, Cost 231-Hata and Erceg model respectively. In general, the higher mean path loss difference observed for urban terrain could be explained by the fact that the overall propagation loss in this type of environment is dominated by diffraction attenuation due to terrain obstacles, which is well-known to be more severe at higher frequency band [5] . This is more noticeable in Ericsson model when compared with the other two models.
Similar results could be observed for all the remaining eight base stations, the deduction of path loss exponents as a function of distance and comparison of observed values with predicted values has been carried out. The figures of these base stations are not presented in this report due to space reduction and repetitions of results. 
IV. Conclusion
In this work, investigation of radio communication channel behavior based on the path loss measurement in the L-band frequency over Akure southwestern part of Nigeria have been considered. The measured path loss has been compared with three propagation models for wireless access environment, namely the Erceg model, COST231-Hata model and Ericsson model.
The result shows a strong positive correlation and consistency between Erceg model, Cost231-Hata model and the measured path losses on the two radial routes. All the stations exhibited high values of deviations at a close distance to the transmitter and fell steeply from 450 m onwards. Measured regression line exhibits a log normal shape with lowest standard deviations followed by Cost 231-Hata propagation model when
Investigation of Path Loss of Mobile Radio Services at L-Band Frequency over Akure, South Western,
www.iosrjournals.org 132 | Page compared with other two prediction models. Both log-normal and Cost 231-Hata models are most suitable for path loss calculation in this region. Path loss exponents of around 9 at the distances closer to the transmitter and this order steeply fall to a value of about 6 at a break point value of 450 were observed at the urban environment while an order of 8 at a break point value of about 415 m were observed in a suburban environment. Higher path loss exponent may be as a result of the high density of obstructions (built-up areas) in the signal path and the mountainous terrain of the urban region considered. Information from this research will be useful in the planning of the migration into new generation wireless propagation in the area.
